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Microclimate changes with simulated canopy spatial structures
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Abstract: The microclimatic environment created by a plant community could provide wonderful rest space for
people. This study focused on how to regulate the microclimate by improving the structure and characteristics of
a plant community. The microclimatic environment of Nanjing, a typical city with high temperature and humid-
ity in summer, was studied. Using simulation software, ENVI-met, pure forests in ideal conditions were selected
to analyze the impact of five common canopy shapes (cylindrical, spheroidal, obovate, triangular, and inverted
triangular) and three layout forms (regular-scatter, centralized-block, and natural-distribution) on temperature,
humidity, and thermal comfort (PMV) of a plant community in Nanjing during summer. Results indicated that
canopy shapes and layout forms had a significant influence on the cooling and humidification effect of a plant
community (P<<0.05). The tree communities with an obovate canopy or inverted triangular canopy, which were
typically large in the upper part of the canopy and small in the lower part, had the highest cooling and humidi-
fication efficiency which could provide the best thermal comfort experience. The cooling and humidification ef-
ficiency of the communities planted in a centralized-block form were higher than those in a regular-scatter or
natural-distribution form; whereas, the thermal comfort experience of the community planted in a natural-distri-
bution form was better. [Ch, 7 fig. 2 tab. 38 ref.]

Key words: forest ecology; ENVI-met; canopy shapes; layout forms; microclimate

RIS B AT 35 R AR, 7R AR S T ) g S e A A A B TR R A

Yehs B9 . 2018-08-15; & [n H . 2018-11-19

S IUH - ESE A RPH R G IRV BTH (31200530) 5 Hh s M SR AR 55 28 9% 9% B i F (KYZ201737)

fEFT A B, NSEFWESS%5 . E-mail: smilee.w@outlook.com. #AF{EH . KM, @I#EE, MFHM
Y55 A A2 . E-mail: zhang-mj@njau.edu.cn




784 TR AN N N = 1 2019 4 8 1 20 H

Y REE B2 450, WARPAEE | T AR A, g | B R SE I IR R PR IR A 4, HE
RS AN TR AR 6 285 A Jg 2 2XO0T T 7 Bl B B 3 i O BF 5 3 25 ke o v AR el B S5 AR AL T 8
RPHFEST, TR ARE R 2 [ 312 (At A L 0O, 1) S B D, A [ ) A T 2 25 2 = 2 i e B
ROR S KT A R O Bl R WA B WF S 2 46 v 7 5 1) 5 A b T R S B O, X TR A R
b V- T A SR U D 3 o ENVI-met S — g B UBRBEI R o I AF 56 T 38 2 RN AR g 2 s B
5 g e T ML 2 R A IR I AR LA A, REAS Sl A0 T /N RUBE VI [ A 9 3 1T L 25 ORI B =2 8] 9 A
AR CHEZOFENEE | JEAE X ST O X e AR R AR 22 Bl RUBE X EN-
VI-met E47 T # %, ESE ENVI-met fERY LA ol SEERIMERA I . 2T LIROF AL, BARZ¥HIE
FIZARAT AT BRI TS, QORI SE T A0 AT 1 23 (A 250 Bl s s ma ™, B i =3 DB S48 5
PRI I RH L™, BB i 2 /D DX SRR S X U A 52 2, LR A ) g A e 5 i A
DX B AR AR AE 2 45 o B IITE A5 P BRELWETE AR B B2 I B0 T, B8l i F 5 07 st A AR e 19
B FRCH AL FRIT= /M, HERINEW, 78 b 2 m il e i U AE i ot b By — MR
Felko Rt — IRV I AR 1A Je 2O S 2R WA DR 52y, AR IF S L R Tl F 2 i oy
@1, iz ENVI-met #fF, PAAETR ARMEIREE N OFTEXT G, Bt SRl 00, 708 A A T2 25 A6 Jm
T2 RV O TR R A0 0L Je NP I, st BRI ET ,  LARE 2 (4 B B A 3 LA [R] 28
UL DN B R L) N e D R S e

1 BRI G B R 7

1.1 R

P UL T A E RS, MUK VIRF, & TAL A i )X, U, S, oA
K, METEH . AFFEKE N 1106.5 mm, MXRES 76.0%, FHUHN 154 Co m g i g
A HIX . AFLARIEKONE, 1 AFHEMTEA-1.6 C; FLARMKNE, 7 15l
A 30.6 C,
12 WRAE

HI T A FE I B S AR 25 AP i A SR 2 2O Bl e A R ), (R S P i B0 Hh AR HE R H A 2R 858 1
RITH, PrRLSE PRl i I ik R AR RS prnl 44k o IRk, AWFSEE#E ENVI-met 2%, i il 46
BT, B T AT R ADL 0 J] s PR AR AR TR 26, DUAR UE S5 R A AR X AT Sk o
1.2.1 A S AP AR BRI T BRSO T RO 2B TS AR M vE A TS0 5o i w0 R 40, e PR R
M ASCR S A TR A RT3 T, AR W LA R e v 1 B, e R E BB R/ 160 m x 160 m x 50
m, PFEECH 80 x 80 x 25, FLASFIAR A HER A 2 m x 2 m x 2 mo MR LA Ry 36 Ak [R] B 7T AR A5
LMK IRET o
122 magmzt OFAREILE . FAMRIEILE 53 L RABMIE , 4 2% 2 5 L
PRI RIS T i MR HE 1O PR 8 ) S R AR e BRI AR | = AIE L B =P L BUE AR B S S A
WO 2 ol i SCRR BRI, 08 g 5 DX BEl bk b TR 100 R TR AR BB TEEIE 8B AT 026, B E T S b
WEMYMRE LW WAER SR D), 2R . B2 #0E . AR e =mag =
7E ENVI-met Frdarix S5 Fh B A ML RIR I 25 1 70 AR B , AR i AP 1 R 7R o R PRAERCHE n] et
P AR IR (Y B — B, 3900 1S my, SEPR R 2 T R AT SF LR o AR L IRIERIE R = AR 0P
RS IRATE IR 0 11 m, BIIERGER T AR A 13 m, B = MAIERERTRATERE N 15 me H T0F
FEREIXIREIE RS, IR 5 FFRARM M F R YE . MR SSEMEE AR, @ EfRER,
£ 3 BB AP LI TR AR A RIE A, B S, SR R SOR A AR S (181 2) o A R AR
N 6 x 6 1y mi B HES, HBTTAR L RUZ AR 10 MR, B 20 mo SRR 4 43 x 3
4 R R A Ry AL T A, AHAR TR AR B8 oL s Z [ AHEE 6 MR EAE, B 12 me A SRR & TR
P SRS L SRR IE 0 A SRy ol e AN [ AR SR T 25 A & A R B U HESN 2 &, 45 3t 15 Bl
[F] AL, T80
123 EHMAMK EHEMOEBANOVEER, RS E N, ib EASGRE M _E AR



5536 5 4 T SRAE AR A ) 4 A U A R W B A AU 785

1 BAREBERLEMFAREMBERSSE

Table 1 100 common arbors in Nanjing and the classification of their canopy shapes

I &5 i LA Fif B /i

- F M4 Populus tomentosa, H ARIIIH Viburnum odoratissimum var. awabuki, ¥ K1 Sabina chinensis ~ *Pyrami- 5
dalis”, Jin#s (Populus x canadensis, 4% Populus X canadensis subsp. 1-214
M & % Magnolia denudata, —.F% % *% Magnolia soulangeana, i E &% Michelia chapensis, 1Ll & % Michelia
maudiae , A Eucommia ulmoides , Z5# Koelreuteria paniculata, Fiff Cinnamomum camphora, #ii1A# Phoebe
chekiangensis , %54 Phoebe sheareri, KN #i Cinnamomum austrosinense , B Paulownia tomentosa, i FHA
Bischofia polycarpa, 12 3¢ Gleditsia sinensis, [E # Sophora japonica, H|#L Robinia pseudoacacia, 4 ki P
Sophora japonica ‘Golden Stem’ , TG T Sapindus mukorossi, Wi# Ulmus pumila, M3 Celtis sinensis, Ht3

5] Bk Kb Celtis julianae , Hifiy Ulmus parvifolia, St Ailanthus altissima, ¥ i% K Pistacia chinensis, 75 P24E Cera- 41
sus yedoensis, H AR Cerasus serrulata var. lannesiana, [I#2 4% Cerasus serrulata, 4 vi Ligustrum lucidum,
WM Myrica rubra, F74#% Castanopsis sclerophylla, 7 X Cyclobalanopsis glauca, WKEE Quercus acutissima, )%
¥k Quercus variabilis, 75 Melia azedarach, & ¥ Toona sinensis, W& Ailanthus altissima, Z&# Morus alba,
KM Broussonetia papyrifera, 3% E 1Mk Carya illinoensi, #li Diospyros kaki, 1345 Fraxinus chinensis, /N

Ligustrum sinense

A& Manglietia fordiana, ¥ Sapium sebiferum, |~ % 22 Magnolia grandiflora, W& Liquidambar formosana,

46 Osmanthus fragrans, B Camptotheca acuminata, 4% Pterocarya stenoptera, —BREAS K Platanus aceri-
5 Jolia, R7 Ginkgo biloba, £ # Aesculus chinensis, # 5iH#k Tilia miqueliana, £ i Photinia serrulata, %K -

1% Photinia davidsoniae , WHE Eriobotrya japonica, #t%% Pyrus betulifolia, 14 Crataegus pinnatifida, 1

Dalbergia hupeana, &KW Acer mono, 7% %W Acer ginnala, #&#i Firmiana platanifolia, ¥¢# Catalpa ovata,

W Catalpa bungei

KA Cunninghamia lanceolata, K42 Metasequoia glyptostroboides , W42 Taxodium ascendens, W2 Cryptomeria
Sortunei, J5FF Taxvodium distichum, 5 JBHY Pinus massoniana, 4:8%¥s Pseudolarix amabilis, Z5¥) Cedrus de-
— odara, H A T4 ¥y Pinus parviflora, 18 ¥ Pinus bungeana, PE¥5 Pinus thunbergii, KJEFy Pinus taeda, i »
- oA Pinus elliottii, JMAS Pinus tabuliformis, M Sabina chinensis, J¢#1 Sabina chinensis ‘Kaizuca’, 4z M43
Sabina chinensis  ‘Aurea’, FHE Torreya grandis ‘Merrillii’ , B X H5 Podocarpus macrophyllus, &% Lirio-
dendron chinense , = ffifl Acer buergerianum, ¥:3% Elaeocarpus decipiens
PR Zelkova serrata, £+ Albizia julibrissin, 3 226 % Malus halliana, #0165 Malus hupehensis, 79 )if i

=k ) . . 6
% Malus x micromalus , 4525 Prunus cerasifera f. atropurpurea

A TE W Sdlix babylonica, FM Salix matsudana, & )NH Sophora japonica var. japonica f. pendula 3
FERETE  BEAE Trachycarpus fortunei 1
St 100

¥
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Figure 1 Diagram of arbor models
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Figure 2 Diagram of layout forms of community
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Table 2 Setup of simulation parameters
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Figure 3 Comparison of daily average temperature and humidity of simulated condition with different canopy shapes
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Figure 4 Comparison of daily average temperature and humidity of simulated condition with different layout forms
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Figure 5 Comparison of daily average cooling and humidification intensity of simulated condition with different canopy shapes
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Figure 6  Comparison of daily average cooling and humidification intensity of simulated condition with different layout forms
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Figure 7 Comparison of PMV of simulated condition with different layout forms and canopy shapes
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